Abstract. We compared the response of normal (FHC) and cancer (HT-29) human colon epithelial cells to the important apoptotic inducers TNF-α, anti-Fas antibody and TNF-related apoptosis inducing ligand (TRAIL). The two cell lines did not respond to TNF-α (15 ng/ml), expressed a limited sensitivity to anti-Fas antibody (200 ng/ml) and a different response to TRAIL (100 ng/ml). We studied apoptosis with regard to the changes at the receptor level (DR, DcR and FLIP) and at the level of mitochondria (Bid protein cleavage, Apo2.7 protein expression and caspase-9 activation). Two different approaches were used to sensitize the cells to TRAILinduced apoptosis: inhibition of protein synthesis (cycloheximide, CHX) and inhibition of the pro-survival MEK/ERK pathway (U0126). While the two cell lines were markedly sensitized to all three TNF family members by CHX, a different degree of response (especially for TRAIL) was obtained when inhibition of the MEK/ERK pathway was achieved. TRAIL-induced apoptosis was significantly enhanced by U0126 co-treatment in the HT-29 cells, but not in the FHC cells. The most significant differences between the HT-29 and FHC cells co-treated with TRAIL and U0126 were demonstrated with regard to the involvement of the mitochondrial apoptotic pathway, suggesting its importance in the regulation of cell sensitivity to the TRAIL-induced apoptosis.
Introduction
The suppression of apoptosis of colon epithelial cells may cause cellular transformation and favour progression at every stage of the adenoma-carcinoma sequence (1) . Cytokines of the tumour necrosis factor (TNF) family have been identified as important inducers of apoptosis, but their role in regulating epithelial cell turnover is not fully understood (2) . Their effect on colon cancer cells and the associated molecular and cellular mechanisms have yet to be elucidated (3) . TNF-α, Fas ligand and TNF-related apoptosis inducing ligand (TRAIL) induce apoptosis by binding to their respective death receptors (DRs) possessing intracellular death domains which recruit certain adaptor molecules to form the deathinducing signalling complex (DISC) activating the apoptotic caspase cascade (4) . Through caspase-8 activation, subsequent downstream signals are started, either through the direct activation of effector caspases (type I cells, extrinsic pathway) or by transferring a signal to mitochondria (type II cells, intrinsic pathway) mediated by cleavage of the Bid protein (5) . Changes in mitochondria are associated with the activity of pro-and anti-apoptotic proteins of the Bcl-2 protein family and start events leading to the activation of caspase-9, effector caspases, death-substrate cleavage and finally cell death (6) .
In spite of the fact that TNF-α, anti-Fas and TRAIL can generate potent antitumour activity in vivo and in vitro (7, 8) , many cancer cells are resistant to this type of DR-mediated killing. Moreover, the therapeutic use of the TNF-α/TNFR or Fas/FasL system in cancer treatment has been hampered by severe side effects. In contrast to TNF-α and FasL, TRAIL induces apoptosis in a wide variety of transformed cell lines, but seems to have little or no cytotoxic effect on most normal cells in vitro and in vivo. The induction of apoptosis is mediated by the interaction of TRAIL with the two death receptors DR4 and DR5, and the mechanism seems to be rather different from that of TNF-α or FasL (9) . Due to the selective effects of TRAIL on cancer cells and its ability to induce apoptosis irrespective of p53 status, it may be a safer therapeutic alternative to the other two cytokines (10) . In spite of an increase in sensitivity to TRAIL-induced apoptosis during adenoma to colon carcinoma transition being detected (11), many types of cancer cells become resistant to TRAIL (12) . Some cells seem to be protected from TRAIL-induced apoptosis by their expression of decoy receptors (DcR1 and DcR2), which do not transduce apoptotic signals, as well as at the level of certain molecules involved in intracellular signalling pathways (13) .
In the present study, two different approaches were used in order to sensitize the colon cells to the apoptotic effects of TNF-α, Fas antibody (anti-Fas) and TRAIL. The cell response ONCOLOGY REPORTS 19: 567-573, 2008 
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Response of normal and colon cancer epithelial cells to TNF-family apoptotic inducers to these cytokines was compared between normal (FHC) and cancer (HT-29) colon epithelial cell lines either under the inhibition of protein synthesis (cycloheximide) or inhibition of the pro-survival MEK/ERK pathway (U0126). An investigation of differences in the sensitivity/resistance of these cells may help to find molecular mechanisms of cell resistance to TNF family apoptotic inducers and contribute to their therapeutic application. Fluorescence microscopy. The cells were stained with a 4,6-diamidino-2-phenyl-indol (DAPI, Fluka, Buchs, Switzerland) solution as previously described (14) and the percentage of apoptotic cells (with chromatin condensation and fragmentation) was determined as a percentage of apoptotic cells from a total number of 200 cells counted using a fluorescence microscope (Olympus IX-70).
Material and methods

Cell
Expression of the mitochondrial membrane APO2.7 protein.
The cells (1x10 6 ) were washed in PBS and permeabilised by digitonin (100 μg/ml, Sigma Aldrich) in PBSF (2.5% fetal calf serum and 0.1% NaN 3 in PBS) on ice for 20 min and then washed in PBS. The Apo2.7 protein was marked using antiApo2.7 antibody conjugated with phycoerythrin (Immunotech). The cells were incubated with 20 μl of antibody and 80 μl of PBSF at room temperature for 15 min in the dark. Fluorescence was measured using a flow cytometer (a total of 2x10 4 cells in each sample) and analysed for the percentage of APO2.7 positive cells using the CellQuest software.
Caspase activities. Caspase activities were measured by fluorimetry (Fluostar Galaxy, BMG Lab Technologies GmbH, Offenburg, Germany) using caspase-3 (Ac-DMQD-AMC, 50 μM, Alexis, Carlsbad, CA, USA) or caspase-9 (Ac-LEHD-AMC, 50 μM, Alexis) substrates as previously described (15) . Caspase-9 activity was inhibited by a specific caspase-9 inhibitor (Z-LEDH-FMK, Bio-Vision, Inc., New Minas, Canada).
Immunoblotting. The cells lysed in Laemmli sample buffer and diluted to an equal concentration were processed and subjected to SDS-PAGE as previously described (15) . The membranes were then probed with anti-PARP (SC-7150, Santa Cruz Biotechnology, Santa Cruz, CA, USA), anti-Bid (SC-6538, Santa Cruz Biotechnology), anti-FLIP (AAP-440, StressGen Biotechnologies Corp., Victoria, BC, Canada), anti-DR5 (D3938, Sigma Aldrich) or anti-DcR2 (68861N, Pharmingen, BD Biosciences, San Jose, CA, USA) antibodies. The recognised proteins were detected using horseradish peroxidase-labelled rabbit (no. NA934, Amersham Biosciences, Buckinghamshire, UK) or mouse (no. NA931, Amersham Biosciences) anti-IgG secondary antibody and an enhanced chemiluminescence kit (ECL, Amersham Biosciences). An equal loading was verified using ß-actin (A5441, Sigma-Aldrich) quantification.
Statistical analysis.
The results of at least three independent experiments were expressed as the means ± SEM. Statistical significance (P<0.05 and P<0.01) was determined by oneway ANOVA followed by Tukey or LSD tests, or by a nonparametric Mann-Whitney U test.
Results
Parameters reflecting cell proliferation and death were detected in the HT-29 and FHC cells after 24 h of treatment with TNF-α, anti-Fas or TRAIL. Moreover, the modulation of these parameters after a combined treatment of the cells with apoptotic inducers and the protein synthesis inhibitor cycloheximide (CHX) or MEK1/2 inhibitor U0126 was evaluated. The concentrations of the drugs used were selected on the basis of our previous experiments (14, 16, 17) and doses were routinely used for this type of cells.
The effects of TNF-α, anti-Fas and TRAIL on cell proliferation.
In selected concentrations, none of the TNF-family apoptotic inducers caused significant changes in the total cell number and cycle parameters of HT-29 and FHC cells after 24 h of treatment (data not shown).
The effects of TNF-α, anti-Fas, and TRAIL on cell death. As is apparent from Table I , neither HT-29 nor FHC cells responded to TNF-α in the used concentration (15 ng/ml) and incubation time (24 h ). An increase of parameters reflecting the cell death (cell detachment, subG 0 /G 1 population and cells with apoptotic nuclear morphology) was observed after anti-Fas treatment with a slightly stronger response of the HT-29 cells. The two cell lines studied differed significantly in their susceptibility to TRAIL. The values of the three abovementioned parameters detected were about two-fold higher in the HT-29 than in FHC cells. The two cell types were markedly sensitised to all apoptotic inducers by the addition of CHX (Table I ). The differences in the apoptotic effects of TNF-α, anti-Fas and TRAIL were further confirmed by the detection of PARP cleavage (Fig 1A) . PARP was not cleaved after TNF-α treatment in the HT-29 and FHC cells. After treatment of cells with anti-Fas and particularly TRAIL, a more intensive PARP cleavage in the HT-29 than in FHC cells was detected.
Differences in the HT-29 and FHC cell response to TRAIL.
Besides the parameters evaluated above, our attention focused on other plausible determinants of the different sensitivity of HT-29 and FHC cells to TRAIL effects.
Caspase activities. TRAIL induced an increase in caspase activities in the two cell lines. Higher activities of caspases-9, and -3 after 4 h of TRAIL treatment were detected in HT-29 compared to the FHC cells (Fig. 2) . These differences between the two cell lines were further significantly enhanced by cotreatment of the cells with TRAIL and U0126. A combined treatment of the cells with TRAIL and CHX did not significantly increase the caspase-3 and -9 activities in comparison with TRAIL alone in the time interval studied. ONCOLOGY REPORTS 19: 567-573, 2008 569 Table I . Quantification of cell death after 24 h of treatment of the HT-29 and FHC cells with TNF-α (TNF, 15 ng/ml), anti-Fas (CH11, 200 ng/ml), TRAIL (100 ng/ml) or their combinations with CHX (5 μg/ml). - - (Fig. 3B) .
----------------------------------------------------------------------------------------------------
Expression of DR5, DcR2 and FLIP.
No significant differences in the expression of DR5 protein detected by Western blotting between the HT-29 and FHC cells were observed. As shown in Fig. 4A , co-treatment of the cells with TRAIL and CHX resulted in its loss in both cell types. Compared to the HT-29 cells, FHC cells presented a higher expression of the DcR2 protein, which was slightly decreased by a combined treatment with TRAIL and CHX (Fig. 4 B) .
The expression of FLIP was decreased after TRAIL treatment in the two cell lines. This effect was significantly potentiated by CHX. Compared to TRAIL alone, a slight but not statistically significant additional decrease of FLIP expression was observed after co-treatment with TRAIL and U0126 in the two cell lines (Fig. 4C) .
Expression of Bcl-2 family proteins.
The expression of Bcl-2 family proteins was examined 24 h after treatment with TRAIL and its combination with CHX or U0126. The HT-29 cells expressed no Bcl-2 protein. While no changes of the Bax and Bak expression were observed after any type of treatment (data not shown), a significant cleavage of Bid was detected. In HT-29 cells, the Bid protein was more intensively cleaved after 24 h of TRAIL treatment in comparison with FHC cells. A strong potentiation of this effect (almost complete cleavage) by co-treatment with CHX was detected in the two cell lines (Fig. 4D) .
Discussion
We showed that the triggering of the TNF family receptors can induce a different degree of response in cancer HT-29 and non-cancer FHC human colon cells. While the two cell types did not respond to TNF-α in the concentration used, they showed a recognizable response to anti-Fas antibody and a markedly different response to TRAIL-mediated apoptosis. Our results showed a different sensitivity of normal and cancer colon cells to TNF family molecules which implies that a synthesis of specific proteins involved in intracellular signalling pathways determines the cell response.
The relatively slow nature of death receptor-induced death in HT-29 cells has been reported (18) . In our previous experiments, TNF-α initially induced dose-dependent growth arrest and its cytotoxicity was enhanced only by the cultivation of HT-29 cells for longer time intervals (16) , even though the activation of caspase-3 and PARP cleavage was detected earlier (17) . In the experiments presented here, no effects on proliferation and cell death were detected either in the HT-29 or FHC cells after 24 h of treatment with TNF-α, which elicited acute apoptotic effects only when administered along with CHX.
HT-29 cells seem to be slightly more sensitive to the effects of anti-Fas antibody than FHC cells. As with TNF-α, cell sensitivity can be increased by CHX. Colon carcinoma cell lines usually show relative resistance to CD95-inducible cell death and a malignant transformation of colon epithelium is often accompanied by abnormally low levels of CD95 protein (19) . However, we detected only a low expression of the CD95 receptor in the normal and cancer colon cell lines (data not shown). It is supposed that the apoptotic responsiveness to CD95 crosslinking may be more complex and remains to be further elucidated (20) .
As expected, HT-29 cells presented a higher sensitivity to TRAIL than FHC cells, and the sensitivity of the two cell types was increased by CHX. Molecular determinants of response to TRAIL on various levels of the signalling pathway are suggested and they vary among different cell types (21) . At the receptor level, a high expression of DR4 and DR5 was reported in various types of colorectal neoplastic disorders (22) . Cells may become resistant through regulation of the DR cell surface transport and/or their re-localisation in the plasma membrane (23, 24) . Our results showed that there are no significant differences in the level of DR5 between HT-29 and FHC cells. Notably, DR5 was lost after co-treatment with TRAIL and CHX, which proves the role of a new protein synthesis in the regulation of the level of this receptor. Furthermore, the decoy receptors were shown to be involved in the regulation of cell sensitivity/resistance to TRAIL effects in certain cell lines. In our experiments, the increased level of DcR2 in the FHC cells as compared to the HT-29 cells was demonstrated, suggesting that it could contribute to a higher resistance of normal colon cells to TRAIL. The amount of DcR2 in FHC cells was also suppressed by a combined treatment with TRAIL and CHX.
The was shown to be a frequent event in colon adenocarcinomas (25) . Moreover, its specific siRNA-mediated down-regulation has been found to sensitize colon cancer cells to TRAILinduced apoptosis (26, 27) . In our experiments, HT-29 cells also expressed a relatively high level of FLIP L . Notably, we found no significant difference in the cFLIP L level between the cancer HT-29 and normal FHC colon cell lines. However, a decrease of its expression after TRAIL treatment and its complete loss caused by co-treatment with CHX was observed in the two cell lines. This is in agreement with the fact that regulatory proteins with a short half-life (such as cFLIP) belong to the important targets of CHX effects, thus playing a key role in the modulation of cell sensitivity to TRAIL (28) . We suggest that modulation of the cFLIP L level may be an important determinant of the sensitivity to TRAIL effects in cancer and normal colon cell lines.
Both HT-29 and FHC cells seem to be type II cells (intrinsic apoptotic pathway) because the Bid-dependent mitochondrial amplification loop was functional. The BH3-only protein Bid provides a link between the receptormediated and mitochondrial pathway. In our experiments, TRAIL-induced Bid cleavage was accompanied by an increased mitochondrial APO2.7 protein expression, a decrease of MMP (not shown) and the activation of caspase-9. Moreover, the apoptosis induced by TRAIL was partially reversed by caspase-9 inhibition (not shown). Described responses were significantly weaker in FHC cells compared to HT-29 cells and were potentiated by CHX in the two cell lines. These results correspond with the suggestion that in a cell line where DISC-generated initiator caspase activity is insufficient to fully activate enough caspase-3 to kill the cell, the cleavage of Bid followed by further events at the level of mitochondria (involving interplay between the Bcl-2 protein family members) is necessary for full caspase activation and apoptosis (6) . A truncated Bid interacts with the pro-apoptotic proteins Bax and Bak, resulting in the release of pro-apoptotic factors such as cytochrome c from mitochondria. In our experiments, TRAIL induced no significant changes in the expression of Bax nor Bak in neither the HT-29 nor FHC cells (not shown).
Previously, we showed that the specific inhibition of the ERK1/2 pathway (U0126) sensitized the HT-29 cells, but not the SW620 cells to TRAIL-induced apoptosis (29) . These cells differed significantly in their response to the apoptotic effects of TRAIL (100 ng/ml), with the SW620 cells being resistant. In the present study, we examined the role of the ERK1/2 pathway in the regulation of TRAIL-induced apoptosis found in normal colon FHC cells. As our previous (29) and present results showed a significant U0126-mediated potentiation of the intrinsic apoptotic pathway induced by TRAIL in the HT-29 cells, we compared the response between HT-29 and FHC cells especially with regard to the involvement of mitochondria. The ERK-mediated protection from TRAILinduced apoptosis via the inhibition of the apoptotic changes at the level of mitochondria has also been reported in other cancer cell lines (30) . We showed that in contrast to HT-29 cells, U0126 was not sufficient for a significant potentiation of the TRAIL-induced apoptotic pathway at the level of these organelles in FHC cells, as demonstrated by caspase-9 activity and Apo2.7 protein expression. Moreover, the overall rate of apoptosis (apoptotic nuclear morphology, caspase-3 activity and PARP cleavage) after a combined TRAIL and U0126 treatment was also significantly lower in the FHC cells as compared to the HT-29 cells. Thus, it seems that inhibition of the MEK/ERK pathway is more efficient in the potentiation of TRAIL-induced apoptotis in HT-29 than in FHC cells.
To summarize, neither the HT-29 cancer nor the FHC non-cancer cells responded to TNF-α in the concentration used, while the anti-Fas antibody and especially TRAIL induced a more apparent response in the HT-29 cells. While the two cell lines were markedly sensitized to all three TNF family members by CHX, a different degree of response was obtained when inhibition of the MEK/ERK pathway was achieved. U0126 was not effective in the modulation of TNF-α-or anti-Fas-induced apoptosis neither in the HT-29, nor in the FHC cells (not shown). TRAIL-induced apoptosis was significantly enhanced by a U0126 co-treatment in the HT-29 cells, but not in the FHC cells. We compared the cell apoptotic response with regard to the changes at the receptor level (DR5, DcR2 and FLIP) and at the level of mitochondria (Bid cleavage, Apo2.7 protein expression and caspase-9 activation). The most significant differences between the HT-29 and FHC cells co-treated with TRAIL and U0126 were demonstrated with regard to the involvement of the mitochondrial apoptotic pathway, suggesting its importance in the regulation of cell sensitivity to the TRAIL-induced apoptosis.
